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Abstract. To progress in galactic studies based on open clusters, e.g. cluster formation rate or kinematical prop-
erties, one needs to improve the number of open clusters observed. However, only half of the 1700 known galactic
open clusters have been properly observed so far, making any statistical investigation insignificant, especially at
larger distances from the Sun. We study marginally investigated or neglected open clusters with Bessell CCD BV R
photometry, whose data were used to fit isochrones to the individual color-magnitude diagrams. We examined the
galactic clusters Basel 11b, King 14 and Czernik 43, the last being observed for the first time to this extent. As
well as a careful comparison to available photometry, their parameters such as age, interstellar reddening, distance
and apparent diameter were determined. The obtained cluster properties were verified by near infrared 2MASS
data. The three investigated intermediate age clusters are all located in the galactic disk with distances between
1.8 and 3.0 kpc from the Sun.
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1. Introduction
In the comprehensive database for open clusters WEBDA
(http://www.univie.ac.at/webda) there is a considerable
lack of photometric data for about half of the more than
1700 known or suspected open clusters and therefore in-
formation about their age, distance and interstellar red-
dening is missing. Larger sets of open cluster parame-
ters would be very useful to study their formation rate
or life time. After the first paper, by Netopil et al. (2005),
with combined photometry in the ∆a and BV R system
of NGC 7296 we have continued our efforts in this re-
spect, to expand the target list for ∆a photometry using
a filter system developed for the detection of chemically
peculiar stars. On the basis of WEBDA, the open clus-
ters Basel 11b, King 14 and Czernik 43, all lying very
close to the galactic plane, were chosen for the ongoing
survey in the Bessell BV R system and compared to pub-
lished UBV and RGU data as well as some individual
UBV measurements. The recent survey by Kharchenko
et al. (2005a), hereafter K05a, based on a catalogue of
stars in open cluster areas (Kharchenko et al. 2005b, K05b
hereafter), mainly compiled and homogenised from Tycho
data, includes also Basel 11b and Czernik 43. The latter
⋆ Based on observations at the Leopold-Figl Observatory for
Astrophysics, University of Vienna.
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was investigated for the first time in more detail and ex-
tent in the present work, although photometric measure-
ments already exist. Cluster parameters like age, distance
modulus and interstellar reddening were determined on
the basis of two colour-magnitude diagrams each using
isochrones by Claret (2004). For a further independent
proof, the available 2MASS data and the corresponding
JHKS isochrones by Bonatto et al. (2004) were exam-
ined, yielding excellent agreement for all three clusters.
This data was also used to determine the cluster diameters
by means of stellar density profiles. Of special interest are
the immediate surroundings of King 14, including three
known clusters, where at least two of them may represent
a double cluster candidate as proposed by Subramaniam
et al. (1995).
2. Observations and reduction
The CCD observations with the Bessell filters BV R of
the open clusters Basel 11b, King 14 and Czernik 43 were
obtained on 2004 November 25 at the 1.52-m telescope
of the Leopold-Figl Observatory for Astrophysics (FOA)
of the University of Vienna, located at Mt. Mitterscho¨pfl
(Austria) using the multimode instrument OEFOSC and
a SITe SI502AB CCD as detector, covering a field-of-view
of 5.75′ square (512×512 px, 1 px = 0.674′′). The seeing
conditions were between 1.6 and 2.2′′. Since the CCD is
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Table 1. The observing log with the number of to-
tal frames in each filter, exposure times in seconds and
Airmass X .
Basel 11b King 14 Czernik 43
B 7 (200s) 7 (50/200s) 7 (200s)
V 8 (100s) 13 (40/80/160s) 11 (80/160s)
R 16 (30/50/100s) 15 (10/30/60s) 17 (10/30/60s)
X 1.14 - 1.31 1.07 - 1.15 1.03 - 1.08
Table 2. The regression coefficients for the transforma-
tion from instrumental bvr to standard BV R magnitudes
as well as the coefficients of the atmospheric extinction.
The errors in the final digits of the corresponding quantity
are given in parenthesis.
transformation coefficients
B = b− 0.728(6) + 0.307(9) · (B − V )
V = v − 0.237(2)
R = r + 0.097(3)
B : 0.226(9) ·X
V : 0.127(1) ·X
R : 0.103(9) ·X
equipped with a single-step Peltier cooling system, not
ensuring a stable temperature during the whole observing
night, we possibly experience zero point shifts between
programme and standard objects, complicating a correct
standard transformation. A comparison with published
data was therefore helpful, although not straightforward
in the case of marginally investigated open clusters.
The basic CCD reductions (bias-subtraction, dark-
correction, flat-fielding) were carried out within stan-
dard IRAF V2.12.2 routines. For all frames we have ap-
plied a point-spread-function fitting within the IRAF task
DAOPHOT (Stetson 1987). Photometry of each frame was
performed separately and the measurements were then av-
eraged and weighted by their individual photometric error.
In addition to the programme clusters we have ob-
served the secondary standard field of NGC 7790 by
Stetson (2000) during the whole same night, used for
the transformation to standard magnitudes and the de-
termination of atmospheric extinction. After applying the
aperture correction using several bright isolated stars, the
transformation between standard and instrumental mag-
nitudes was performed using the coefficients given in Table
2. As already mentioned in Netopil et al. (2005) the actual
Bessel BV R filters seem to match the “standard” UBV
system quite well, so no colour dependency, except for the
B-filter, was found. The typical errors for the individual
BV R-photometry are up to 0.03mag and are also given in
the tables provided electronically. The observing log with
the number of frames in each filter, exposure times and
airmass range is listed in Table 1.
Table 3. Summary of the results for the observed pro-
gramme clusters. The distances resulted from the aver-
ages of the determined distance moduli, and the cluster
coordinates using the radial density profiles. The errors in
the final digits of the corresponding quantity are given in
parenthesis. Parameters indicated by (*) are based on the
photometry by Pandey et al. (2001).
Basel 11b King 14 Czernik 43
C 0555+219 C 0029+628 C 2323+610
l/b 187.44/−1.11 120.73/+.38 112.84/+0.17
Ra (2000) 05 58 10 00 32 03 23 25 47
Dec (2000) +21 57 50 +63 09 20 +61 21 30
log t 8.4(1) 7.9(1) 7.6(1)
mV −MV 12.7(2) 13.4(2) 13.9(2)
mKS −MKS 11.5(2) 12.5(2) 12.2(2)
E(B − V ) 0.48(5) 0.34(5) 0.62(5)
E(V −R) 0.31(5) 0.26(5) 0.42(5)
E(V − I) 0.85(5)*
E(U −B) 0.38(5)*
E(J −KS) 0.25(3) 0.21(3) 0.28(3)
d [kpc] 1.80(25) 2.96(42) 2.51(36)
RGC [kpc] 10.29(25) 10.33(29) 9.75(22)
|z| [pc] 35(5) 20(2) 7(1)
diameter [′] 7 8 5
# stars 73 136 154
3. Results
In the following we will discuss the results and the com-
parison to the literature for the individual open clusters in
more detail. The stars are numbered in order of ascending
(X,Y) coordinates on the CCD frames.
To determine the cluster parameters, isochrones by
Claret (2004) for the BV R photometry and the corre-
sponding ones for 2MASS by Bonatto et al. (2004) for
solar metallicity were used. Since the affect of different
metallicities on the isochrone fitting procedure was al-
ready discussed by Pinsonneault et al. (2004), the assump-
tion of solar abundances can be justified, if inspecting the
determined ages and galactocentric distances of the clus-
ters listed in Table 3, and from the work of Chen et al.
(2003), who found a relative low radial iron gradient for
the Milky Way of −0.024 ± 0.012 dex kpc−1 for clusters
younger than 0.8Gyr.
To be able to compare the results of the BV R
and 2MASS photometry, the relations E(J − KS) =
0.488E(B − V ) by Bonatto et al. (2004) and AKS =
0.67E(J −KS) by Dutra et al. (2002) were used.
The listed differences of our photometry compared to
the literature values are always given as ∆ (literature −
present data) of the corresponding quantity.
To obtain an estimate of the cluster diameters, the stel-
lar density profiles (Fig. 4) were prepared using 2MASS
data, which cover a much larger area, and the King (1962)
profile. The star density was derived by conducting star
counts in concentric rings up to 10′ around the center
given in Table 3, divided by their respective area, whereas
the average of the outer five arcminutes plus the standard
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Fig. 1. The observed fields of Basel 11b, King 14 and Czernik 43 (1 px = 0.674′′).
deviation was used as the separation from the galactic
field.
3.1. Basel 11b
The open cluster Basel 11b was investigated by Grubissich
(1973) using photographic plates in the RGU photomet-
ric system. The author obtained a true distance modu-
lus of 10.m88 (1500pc) and an interstellar reddening of
E(G−R)=1.01. Using the relation E(G−R)=1.39E(B−
V ) (Steinlin 1968), the corresponding E(B − V ) is 0.73,
much higher than our result of 0.48 (Table 3). Our inves-
tigation has 39 objects in common with that study, which
were used for a photometric comparison. In order to trans-
form the RGU measurements into the UBV system, the
calibrations by Buser (1978) were taken
V = G− 0.495(G−R)− 0.008(U −G) + 0.179 + α
(B − V ) = +0.784(G−R) + 0.027(U −G)− 0.302 + α
with α depending on the colour and interstellar redden-
ing. For the latter the value of Grubissich (1973) was
used, since the differences of the final calibrated photom-
etry are of the order of 0.m01, if one uses an E(B − V )
of 0.73 or 0.48 as obtained in this work. The photomet-
ric comparison, which can be found in Figure 3, yields
∆V=+0.06 and ∆(B − V )=+0.07, whereas nonmembers
according to Grubissich (1973) were rejected for the cal-
culation. However, it is difficult to derive a zeropoint shift
of our photometry, since one has to take into account the
accuracy of photographic plates and the errors introduced
by the transformation. We have determined the cluster
parameters using the isochrones by Claret (2004) result-
ing in a best fit of log t=8.4± 0.1, mV −MV =12.7± 0.2,
E(B−V )= 0.48± 0.05 and E(V −R)= 0.31± 0.05. Using
near infrared 2MASS data and fitting isochrones from
Bonatto et al. (2004), we get the result shown in Figure 2.
The isochrone fitting procedure was performed using the
parameters determined via BV R photometry as an initial
estimation, varying them to obtain the best possible fit
to the available data. This open cluster is also included
in the catalogue by K05a, who determined log t=8.82
mV−MV =11.19 andE(B−V )= 0.10 on the basis of three
stars. These parameters are not in agreement with our
results. However, our isochrone rests on the assumption
that the three evolved stars (#8, 46 and 54) in Figure 2
are members due to their position in the colour-magnitude
diagrams, as well as the fact that at least two of them are
lying close to the cluster core and that star #54 is a prob-
able member according to K05b, based on photometry,
position and proper motion. The colour indices (B−V )0,
(V − R)0 as well as the dereddened near infrared colours
by 2MASS determine all these stars as of spectral type
K0 II/III. To be able to compare the 2MASS colours of
these stars to the spectral type relation by Bessell & Brett
(1988), they were transformed to their homogenised sys-
tem using the transformation by Carpenter (2001). The
intrinsic colours and absolute magnitudes of the proba-
ble red giants are listed in Table 4. Since stars #8 and
54 were also measured by Grubissich (1973), who deter-
mined them as red giants, but nonmembers, the status of
these stars has to be clarified by further spectroscopic in-
vestigations. If they should turn out to be nonmembers,
the cluster would be much younger. On the basis of the
stellar density profile (Fig. 4), the apparent diameter of
Basel 11b was determined to 7 arcminutes, slightly lower
than the value by Grubissich (1973), who lists 10′.
3.2. King 14
The open cluster King 14 was investigated photographi-
cally by Hardorp (1960) and Jasevicius (1964). Since the
photometry of both studies are in agreement within the
limits of photographic accuracy, the first reference was
used for comparison (Figure 3) of the measurements, be-
cause it offers more stars in common within a broader
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Table 4. The intrinsic colour indices and absolute magni-
tudes of the possible red giant members within Basel 11b
point to a spectral type of about K0 II/III. The star num-
bers are according to our numbering system, within paren-
thesis the corresponding WEBDA-number is given. The
near infrared 2MASS colour was transformed to the ho-
mogenised system by Bessel & Brett (1988) using the
transformation given in Carpenter (2001), the values of
the corresponding interstellar reddening are listed in Table
3.
Star (B − V )0 (V −R)0 (J −K)0 MV
8(27) +1.08 +0.52 +0.65 −0.97
46 +1.12 +0.51 +0.63 −0.95
54(3) +1.06 +0.47 +0.56 −1.28
colour range. We determined offsets as ∆V=−0.08 and
∆(B − V )=+0.04. The former photometry was carried
out using RGU plates, but its results were already trans-
formed to the UBV system by the author. The star #93
(#133 according to WEBDA) was measured photoelec-
trically by Haug (1970) and Sarg & Wramdemark (1977)
in perfect concordance, yielding zeropoints for our pho-
tometry of ∆V=−0.08 and ∆(B − V )=+0.04, which are
identical to the previous offsets. The determined cluster
parameters log t=7.9± 0.1,mV −MV =13.4± 0.2, E(B−
V )= 0.34± 0.05 and E(V −R)= 0.26± 0.05 are compara-
ble to those listed in the catalogue by Dias et al. (2002)
and deviate somewhat from those of Hardorp (1960),
who lists E(B − V )= 0.47 and mV − MV =13.7±0.3.
Examination of the 2MASS photometry using appropri-
ate isochrones (Figure 2) strengthens our findings. Using
the stellar density profile (Figure 4), we determined a clus-
ter diameter of about 8 arcminutes, whereas the catalogue
by Dias et al. (2002) lists the somewhat lower value of 6′.
Unfortunately, this cluster is not included in the survey by
K05a. In their ASCC-2.5 catalogue of stars in open clus-
ter areas (K05b) all included stars in the surroundings of
King 14 (the five brightest stars in Figure 2) are listed
with member probabilities of zero. Since the cluster has a
well defined main sequence, this situation seems unlikely.
But, they have associated these stars with NGC 146, an
open cluster lying about 12′ northeast of King 14. Using
the cluster proper motion of King 14 by Glushkova et al.
(1997) and the individual proper motions in the ASCC-
2.5 catalogue, positive membership results for at least the
brightest star in our data set (#48, #93 according to
WEBDA). These two clusters are candidates for a cluster
pair according to Subramaniam et al. (1995). Recently,
the parameters for NGC 146 were estimated to about
10−16Myr, 3470pc and E(B − V ) = 0.55, respectively,
by Subramaniam et al. (2005). They supposed such a
young age for King 14, as they found one star showing Hα
emission using slitless spectral observations of this cluster.
However, the age of about 80Myr determined for King 14
has to be considered as an upper limit, since it is difficult
to fit an isochrone without a giant branch. Together with
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Fig. 3. Comparison of our photometry with literature val-
ues for the programme clusters. The dotted lines cor-
respond to the determined offsets. The RGU measure-
ments of Basel 11b were transformed to the UBV sys-
tem as given in Section 3. Only stars down to 15.m0 were
used, and outliers were rejected for the zeropoint deter-
minations. The offsets of our photometry (literature −
present work) are therefore ∆V=+0.06, ∆(B−V )=+0.07
for Basel 11b, ∆V=−0.08, ∆(B − V )=+0.04 for King 14
and ∆V=+0.02, ∆(B −V )=−0.09 for Czernik 43 respec-
tively.
a loose concentration of stars, belonging to NGC 133, ly-
ing also very close by, the abovementioned clusters form
an apparent triplet, although the latter is much nearer
(630 pc according to Carraro 2002). The author has in-
terpreted his result as strong contamination of field stars.
Since the interstellar reddening E(B − V ) = 0.6 is in a
comparable range to the other clusters, which are much
more distant, this result has to be revised in line with a
homogeneous analysis of the whole region to clarify their
association. Except for the nearly identical proper motions
of the clusters King 14 and NGC 146 by Glushkova et al.
(1997), the currently available information for them, espe-
cially the distances, does not support a physical relation.
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3.3. Czernik 43
The open cluster Czernik 43 was investigated photometri-
cally for the first time, but K05a have included it in their
survey using the all-sky compiled catalogue of 2.5 million
stars of galactic open cluster areas (K05b) to determine
its parameters. They found log t=7.7, E(B − V )= 0.7
and mV − MV =14.16, but only one star was used for
the calculation. However, their results are in good agree-
ment with that presented in this work (log t=7.6± 0.1,
mV −MV =13.9± 0.2, E(B−V )= 0.62± 0.05 and E(V −
R)= 0.42± 0.05). Adding 2MASS data confirms this find-
ing (Figure 2, Table 3). Some evolved stars (ASCC 151568,
151607 and 151652), probable members according to their
proper motions (K05b), lie outside of our field-of-view,
but were included in the 2MASS colour-magnitude dia-
gram, resulting in an additional proof of our determined
parameters. These stars have spectral types of K2, A5 Ia
and K2 respectively, according to K05b. One star (#9,
[H96] PW Cas 5) within our observed field, measured by
Henden (1996) who used it as comparison star for a study
of faint cepheids, yields differences to our photometry of
∆V=−0.002, ∆(B − V )=+0.074 and ∆(V −R)=−0.064.
However, it is difficult to derive a zeropoint on the basis of
a single star. The determined cluster diameter of 5′ (Fig.
4) is comparable to the value of 6′ by Dias et al. (2002).
Czernik 43 is located about 16′ away from the cluster NGC
7654, which was investigated by Pandey et al. (2001) us-
ing a Schmidt telescope with a large field-of-view, includ-
ing also our programme cluster. Except for three stars,
we were able to identify all our objects in their data set
of nearly 18000 measured stars. However, Pandey et al.
(2001) did not use their data to investigate Czernik 43
as a galactic cluster. Unfortunately, the above mentioned
evolved stars were not measured by them, most likely be-
cause of their brightness. Using this photometry as com-
parison, we found ∆V=+0.02 and ∆(B − V )=−0.09 of
our measurements, whereas ∆(B−V ) deviates extremely
to the determined offset on the basis of [H96] PW Cas 5
and the photometry by Henden (1996). To obtain further
proof, the data by Pandey et al. (2001) were compared
with available photoelectric and CCD photometry of the
well investigated cluster NGC 7654 (Pesch 1960, Hoag et
al. 1961, Choi et al. 1999, Stetson 2000) resulting in nearly
constant zeropoint shifts to all references of ∆V=−0.03,
∆(B − V )=+0.02 and ∆(U −B)=+0.02 (other photome-
try − Pandey et al. 2001) for stars down to ≈ 15.m0, that
implies a somewhat lower offset of our photometry. The
∆(V − I) values deviate between +0.02 and −0.04 using
the data by Stetson (2000) and Choi et al. (1999) respec-
tively. For fainter stars a larger scattering and gradients
can be found as also reported by Pandey et al. (2001).
The results are comparable to their analysis, except the
one to Stetson (2000), where they found much larger de-
viations (more than 0.m1). Since the photometry of the
standard fields by Stetson (2000) are available on the cor-
responding webpages only, which are updated regularly, a
clarification of that deviation is not possible. The remain-
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Fig. 4. The stellar density profiles of the programme clus-
ters on the basis of the 2MASS data, using concentric rings
around the determined cluster center given in Table 3. The
dotted lines correspond to the average of the outer five ar-
cminutes plus the standard deviation of the star density
of that area (σδ ∼ 0.5 for all clusters) and the solid lines
represent the best fit to the empirical King (1962) model.
The cluster diameter estimates are therefore 7′, 8′ and 5′
for Basel 11b, King 14 and Czernik 43 respectively.
ing colour-magnitude and colour-colour diagrams based on
the photometry by Pandey et al. (2001) can be found in
Fig. 5. Due to the large scatter (especially of the (U −B)
colour), only a preliminary membership analysis is pos-
sible. However, the additional colour indices provide fur-
ther evidence of our determined cluster parameters. The
obtained difference in E(B − V ) (0.m09) can be explained
by the offset to the photometry of Pandey et al. (2001).
They also state a differential reddening within NGC 7654
(mean E(B−V ) = 0.57), which can be assumed as well for
Czernik 43 due to the width of the cluster main sequence.
4. Conclusions
On the basis of CCD BV R-photometry for three open
clusters (Basel 11b, King 14, Czernik 43), their parame-
ters age, reddening and distance (as given in Table 3) were
determined using the isochrones by Claret (2004). Besides
a careful comparison with available measurements to get
an idea of a possible offset of our photometry, the clus-
ter properties were compared with the literature values,
yielding divergent results, however the programme clus-
ters have been only marginally investigated up to now.
After analyzing the 2MASS data, we are able to confirm
6 M. Netopil et al.: Survey of marginally investigated open clusters I.
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Fig. 5. The remaining colour-magnitude and colour-
colour diagrams for Czernik 43 based on the photometry
by Pandey et al. (2001). Isochrones by Claret (2004) were
used to fit the data. Open circles represents probable non-
members according to the available photometry, but due
to the large scatter within the (B − V )/(U −B) diagram
only a preliminary membership analysis is possible. The
best isochrone fit for log t=7.6 andmV −MV =13.9 yields
E(V − I)= 0.85± 0.05 and E(U − B)= 0.38± 0.05. The
solid line within the (B− V )/(U −B) plane indicates the
Schmidt-Kaler (1982) ZAMS shifted by E(B − V )= 0.53
and E(U −B)= 0.38.
the determined parameters with excellent agreement. One
open cluster was investigated by us for the first time in
an appropriate way, although photometric CCD measure-
ments have been provided by Pandey et al. (2001), who ex-
amined the nearby cluster NGC 7654, but ignoring the less
conspicuous cluster Czernik 43. The question of a possi-
ble triple system, containing King 14, NGC 133 and NGC
146 was raised, but further homogeneous investigations
are necessary to clarify their affiliation. For all three pro-
gramme clusters a normal extinction law (RV = 3.1) can
be assumed when inspecting the various values of inter-
stellar reddening (Table 3).
The tables with all the data of the observed stars
are available in electronic form at the CDS (cdsarc.u-
strasbg.fr), WEBDA (univie.ac.at/webda) or upon re-
quest from the first author. These tables include the co-
ordinates (X/Y within our frames, α/δ), V magnitudes,
the colour indices, the corresponding errors as well as a
cross identification with the literature and WEBDA.
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Fig. 2. The colour-magnitude diagrams for the programme clusters Basel 11b, King 14 and Czernik 43. For the
BV R photometry the isochrones by Claret (2004), for the 2MASS data the appropriate isochrones by Bonatto et al.
(2004) were used to determine the cluster parameters at solar metallicity, which are listed in Table 3. The dotted lines
represent the upper binary ridge (isochrone shifted by 0.m75), the open circles probable nonmembers mainly based on
literature as well as the presented colour-magnitude diagrams. To minimize the contamination by field stars in the
2MASS colour-magnitude diagrams, only stars lying within a diameter of 5′ were used. Stars, designated as probable
members due to their proper motion by K05b are marked by open asterisks and were also included, even if lying
outside the above mentioned diameter.
